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Background and Scope of this Report

Background

Antimicrobial drugs are a critical public health tool, used successfully to fight bacterial infections in humans and
animals, as well as some crops and plants. However, the rapid emergence and spread of antimicrobial-resistant
bacteria are widely acknowledged as major public and animal health challenges on a global scale. The loss of
effective antimicrobials leads to increasingly limited options for treatment of life-threatening infectious diseases,
including some healthcare-associated infections and foodborne illnesses in humans (CDC, 2019). The loss of
effective therapies for bacterial diseases in animals threatens their health and may have negative effects on
animal welfare and livestock production.

As a global problem with complex epidemiology, addressing antimicrobial resistance requires a broad and
integrated One Health approach including research, surveillance, and interventions across human, animal, and
environmental sectors. One Health is a collaborative, multisectoral, and transdisciplinary approach - working
at the local, regional, national, and global levels with the goal of achieving optimal health outcomes recognizing
the interconnection between people, animals, plants, and their shared environment (CDC, 2021a). Since
antimicrobial use is one driver among others in the development of antimicrobial resistance, implementation of
good antimicrobial stewardship practices among all of these sectors is essential to help slow the emergence of
resistance and preserve the effectiveness of antimicrobials.

Scope of this Report

This is the first report created by the United States (U.S.) Food and Drug Administration’s (FDA) Center for
Veterinary Medicine (CVM) intended to describe and summarize data on antimicrobial use, stewardship, and
resistance in animal agriculture, primarily as it relates to certain foodborne pathogens. The efforts described in
this report highlight just some of the ongoing endeavors across multiple government agencies and stakeholders
to promote antimicrobial stewardship in the animal agriculture sector. It is not intended to provide a complete
picture of all efforts across the U.S. government and multiple stakeholders, but focuses on activities in which
CVM plays a role. The objectives of this report are to describe:

Current government monitoring and surveillance systems in place for antimicrobial sale, use, and
antimicrobial resistance in animal agriculture and the related food chain;

Publicly available data regarding antimicrobial sales, use, and resistance in U.S. animal agriculture and
certain foodborne pathogens, with a focus on federal government systems collecting data for the years 2016
through 2019; and

Recent progress made and continued plans for promoting and supporting antimicrobial stewardship in
animal agriculture.

In general, the term “antimicrobial” refers broadly to all agents with activity against a variety of microorganisms
including bacteria, viruses, fungi, and parasites. Antimicrobials that have specific activity against bacteria are
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generally referred to as “antibacterial” or “antibiotic” drugs. Typically, the term “antibiotic” refers to substances
produced by microorganisms that act against another microorganism. Thus, “antibiotics” do not strictly include
antimicrobial substances that are synthetic (e.g., sulfonamides and quinolones), or semisynthetic (e.g., methicillin
and amoxicillin). The term “antimicrobial” has a broader definition which includes any substance of natural,
semisynthetic, or synthetic origin that kills or inhibits the growth of a microorganism (Giguere, 2013). This report
may use the two terms interchangeably, but in most instances will use the term “antimicrobial.”

While it is important to include humans, the environment, and all animal species in discussions about
antimicrobial use and resistance to reflect a One Health framework, this report focuses on progress made in the
four major food-producing species in U.S. animal agriculture (cattle, swine, chickens, and turkeys). Additional
efforts are underway across multiple sectors, including government, academia, and industry, to address
antimicrobial use, resistance, and stewardship for humans and other animal species, including minor food-
producing species such as small ruminants (e.g., sheep and goats), farmed fish/aquaculture, and companion
animals such as dogs, cats, and horses.

With regard to antimicrobial use and resistance in human health care, there are local, state, and national
monitoring and surveillance programs in place, as well as ongoing antimicrobial stewardship programs, to
support human healthcare providers and patients in their efforts to improve antimicrobial prescribing and use.
The Centers for Disease Control and Prevention (CDC) most recently published the 2020 Update on Antibiotic

Use in the United States: Progress and Opportunities, which describes some of these efforts and their progress

(CDC, 2021b). In addition, the CDC arm of the National Antimicrobial Resistance Monitoring System for Enteric
Bacteria (NARMS) regularly publishes reports on antimicrobial resistance surveillance findings for foodborne and
other bacterial pathogens of human health significance. While some data from the retail meat and food animal
arms of the NARMS program will be presented in this report, the reader is referred to the CDC NARMS webpage
and other reports for information specifically for antimicrobial resistance in humans.

Although not a focus of this report, the One Health concept also includes an emphasis on the environment. The
natural background of antimicrobial resistance in different environments is not well understood, but strategies
for monitoring and surveillance of antimicrobial resistance in the environment are being developed to provide
data from sampling and testing programs for soil, water, and plants. For example, the U.S. Environmental
Protection Agency (EPA) has conducted research and modeling activities to predict the occurrence of
antimicrobial resistance genes in U.S. rivers and streams (US EPA, 2019). The National Antimicrobial Resistance
Monitoring System (NARMS) recently published a new strategic plan for 2021-2025 which intends to explore
possibilities for including environmental antimicrobial resistance monitoring, such as in surface waters (NARMS,
2020a). Ongoing research at the United States Department of Agriculture’s Agricultural Research Service
(USDA-ARS) strives to fill knowledge gaps in understanding the ecology of antimicrobial resistance in food
animal production environments and to mitigate the spread of antimicrobial resistance across the farm-to-fork
continuum (USDA-ARS, 2019).

Antimicrobial resistance is a priority for human and animal health. While much progress has been made, more
work remains to be done to slow the emergence and spread of resistant bacteria and preserve the effectiveness
of antimicrobials. As part of its regulatory mission, CVM is responsible for monitoring the safety and effectiveness
of animal drugs, including antimicrobials. This report describes some of the important progress made to date and
plans for continued advancement of antimicrobial stewardship in the animal agriculture sector.
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11 Overview: Antimicrobials and Antimicrobial Resistance

Sir Alexander Fleming, a Scottish physician and scientist, is credited with the landmark discovery of penicillin, a
substance produced by fungi, in 1928. Within a few years, many other antimicrobials were discovered, followed
by the development of semisynthetic and synthetic agents, including sulfonamides in the 1930s, which were the
first clinically successful antibacterial agents brought to market (Aminov, 2010). With further developments,
penicillin became commercially available in the 1940s. Thus began the so-called ‘antibiotic revolution’ which
resulted in an increasingly powerful and effective variety of medicines available to treat infectious diseases.
Drastic improvements in human health and life expectancy came about as the result of antimicrobial discovery.
The use of antimicrobials in animals closely parallels their discovery and use in human medicine. Penicillin

and sulfonamides were the first antimicrobials used in food animals in the 1940s, with the first reported uses
for treatment of mastitis in dairy cows (Prescott, 2017). Subsequent discoveries led to therapeutic uses of
antimicrobials for several types of infectious diseases in food animal species. The introduction and use of
antimicrobials for animals brought major benefits to both animals and humans, for example: reduction in animal
pain and suffering, protection of animal resources and human livelihoods, advancements in food production and
feed efficiency, and decreases in potentially zoonaotic infectious diseases that could result in loss of life, both
human and animal.

Antimicrobial resistance, as it relates to bacteria, occurs when the bacteria are inherently resistant to the action
of an antimicrobial, or when the bacteria change in some way that allows them to survive and reproduce in the
presence of an antimicrobial. The emergence of antimicrobial resistance was not an unforeseen phenomenon
and had been predicted by Alexander Fleming shortly after his initial discovery. He recognized that the bacteria
exposed to antimicrobial agents quickly evolved strategies to survive them and warned in his Nobel Prize lecture
in 1945 about the dangers of misuse of penicillin and resulting ineffectiveness (Fishman, 2012). Antimicrobial
resistance is more recently understood to be an ancient phenomenon, and is the expected result of the
interactions of many organisms within their environment (Munita and Arias, 2016). Studies of the natural history
of antimicrobial resistance genes suggest their long-term presence in natural environments, well before the
development and use of antimicrobial drugs began (Leisner et al, 2016).

Resistance can be intrinsic or acquired. Resistance which occurs naturally in bacteria, or intrinsic resistance,
means that the bacterial organism is innately insensitive to a particular antimicrobial because of the structural or
functional characteristics of the bacterium and the antimicrobial's mechanism of action, which is shared within a
bacterial species. For example, the bacterium Pseudomonas aeruginosa is intrinsically resistant to many classes
of antimicrobials because the structure of its outer membrane does not allow penetration of those antimicrobials
into the bacterial cell. Resistance which results from genetic modification in bacteria, or acquired resistance,

can occur through a number of different mechanisms. These include spontaneous chromosomal DNA mutations
that confer to bacteria the ability to prevent a drug from binding to its target, the acquisition of enzymes that
inactivate the drug, and energy-dependent efflux pumps that expel antimicrobials from bacterial cells. Many of
these mechanisms are associated with mobile DNA elements, such as plasmids that are transferred between
bacteria of the same or different species. This exchange of genetic elements between bacteria can occur readily
in humans, animals, and the environment (Wright, 2012). The increased prevalence and propagation of resistance
is a consequence of natural selection. In any population of bacteria, those that have the ability to survive in

the presence of an antimicrobial will continue to reproduce, while those bacteria that are susceptible to the
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antimicrobial are eliminated. Consequently, with continued exposure to an antimicrobial in a given environment,
the resistant populations of bacteria eventually outnumber the susceptible. Resistance in these bacterial
populations may sometimes persist after exposure to the antimicrobial has ended, but in some cases, susceptible
populations of bacteria can return to dominance once the antimicrobial stimulus is removed (Boerlin, 2013).
Infections caused by resistant bacteria are not as effectively treated.

Loss of antimicrobial effectiveness through the emergence, distribution, and persistence of antimicrobial
resistance in many bacterial pathogens has become a serious threat to the successful therapy of infectious
diseases in both humans and animals. Infections caused by resistant bacteria are often associated with higher
morbidity and mortality than those caused by susceptible bacteria (Boerlin, 2013). Furthermore, bacteria

may become resistant to several antimicrobials (multidrug resistance), making treatment of infections even
more complicated. Recently, the CDC reported that in humans an estimated 2.8 million antimicrobial-resistant
infections (due to both bacteria and fungi) occur in the U.S. each year, resulting in over 35,000 deaths (CDC, 2019).
Similar data describing the impact of antimicrobial resistance on animal health is not available. Unfortunately,
discovery and introduction of new classes of antimicrobials over the past 75 years has been steadily matched by
the emergence of new bacterial resistance mechanisms. Thus, sustainable management and responsible use of
currently available antimicrobials is vital to protecting human and animal health. While new antimicrobials could
be developed for human use in the coming years, it is less likely that new antimicrobials will be developed for
veterinary use. Improved utilization of current drugs, development of new (non-antimicrobial) alternatives, and
improvements in disease prevention are essential.

Compared to resistance in human and foodborne bacterial pathogens, there is less information available about
the emergence and dissemination of antimicrobial resistance occurring in animal pathogens (for the purposes
of this report, referring to those bacteria that cause disease only in animals). For example, the development

of widespread antimicrobial resistance in bovine respiratory disease (BRD) pathogens (such as Mannheimia
haemolytica and Pasteurella multocida), could be devastating to the cattle industry both economically and from
an animal welfare standpoint, but it is not clear to what extent this may be occurring. The detection of emerging
resistance in BRD pathogens, as well as pathogens affecting other food-producing species, has been somewhat
hindered by the lack of a national routine surveillance program. In addition, there is a lack of understanding
about some of the resistance mechanisms used by these pathogens against some classes of antimicrobials.
There is a strong need for this type of data to be collected and reported on an ongoing basis since therapy of
animal diseases caused by animal pathogens is the main driver for antimicrobial use in animals.

Since human, animal, and environmental health are interconnected, it is essential to consider the emergence
and spread of antimicrobial resistance from a One Health perspective. While antimicrobial use and misuse

in human clinical medicine is the major contributing factor to the development of antimicrobial resistance in
humans, any use of antimicrobials (whether in humans, animals, or the environment) can potentially contribute
to the emergence of resistant bacteria that may be transmitted between species and ecosystems (Holmes et

al, 2016). Resistant bacteria arising in treated food-producing animals could be transferred to humans through
direct contact or indirect contact, via food and environmental routes. Resistant bacteria arising in humans could
also be transmitted to animals and the environment. Several recent examples of human disease outbreaks
involving multidrug-resistant infections linked to food, or contact with animals, or the environment, demonstrate
the complexities of disease transmission pathways (CDC, 2020a). Antimicrobial residues in wastes released from
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human or animal healthcare settings, or from industrial processes (e.g., pharmaceutical manufacturing) may
exert selection pressure on environmental bacteria (Kumar and Pal, 2018; Kotwani et al, 2021). Human travel
as well as food and animal trade could have significant roles in the global spread of antimicrobial resistance by
facilitating the movement of resistance genes (Bokhary et al, 2021; Magouras et al, 2017). Figure 1-1 illustrates
how resistant bacteria can be transmitted between species and ecosystems.

Figure 1-1: Epidemiology of antimicrobial resistance: pathways of possible transmission of resistant bacteria
between ecosystems
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1.2 Foodborne lliness and Antimicrobial Resistance in the Food Chain

Food of animal or plant origin may be contaminated with bacteria, some of which may be resistant to
antimicrobials. As shown in Figure 1-1, antimicrobial-resistant bacteria may be found in soil, water, and in

human or animal fecal material. Animal products may contain antimicrobial-resistant bacteria as a result of

fecal contamination of carcasses during slaughter or other mechanisms, although much of this risk is mitigated
through federal and state meat inspection programs, such as the Hazard Analysis and Critical Control Point
(HACCP) programs for pathogen reduction (USDA-FSIS, 2017). During production, crops and plants may be
irrigated using water contaminated with human and/or animal feces that contain antimicrobial-resistant bacteria.
Food can also be contaminated with antimicrobial-resistant bacteria originating from other food sources during
handling (i.e., cross-contamination) (Verraes et al, 2013).

Foodborne illness occurs when a pathogen, such as a virus or bacterium, is ingested with food and establishes
itself (often multiplying), or when a pathogen produces a toxin which is ingested. In humans, over 200 different
foodborne diseases have been identified. The most severe cases tend to occur in the very old, very young, and
in those who have compromised immune system function. The CDC has estimated that each year in the U.S., 48
million people contract foodborne illness, 128,000 are hospitalized, and 3,000 people die (CDC, 2020b). The top
five pathogens causing foodborne illness in the U.S. are norovirus, Salmonella enterica (henceforth referred to
as Salmonella in this report), Clostridium perfringens, Campylobacter, and Staphylococcus aureus. A number of
other pathogens do not cause as many illnesses as the top five, but when they do occur, the illnesses are more
likely to be severe and lead to hospitalization. These include Clostridium botulinum, Listeria monocytogenes,
toxicogenic forms of Escherichia coli (E. coli), and Vibrio (CDC, 2020b). A proportion of foodborne pathogens

are resistant to antimicrobials, and consequently, if treatment is necessary for an infected and ill human, it may
be less effective if the usual treatment is the antimicrobial to which the pathogen is resistant (CDC, 2021c). In
addition, antimicrobial resistance genes in commensal organisms (i.e., part of the normal bacterial flora) may
be an indirect risk to public health, as they can increase the gene pool from which disease-causing pathogenic
bacteria can acquire resistance traits (Brinkac et al, 2017). Some types of bacteria that contaminate food cause
disease primarily by multiplying and producing toxins (e.g., Staphylococcus aureus and Clostridium botulinum).

CDC's recent 'Antibiotic Resistance Threats in the United States, 2019 report (2019 AR Threats Report) includes
a list of 18 bacterial species of concern to human health at varying levels- urgent, serious, and concerning (CDC,

2019). Some of the bacterial species of concern may be foodborne, for example, Campylobacter, Salmonella,
Enterococcus, and E. coli. Carbapenem-resistant Enterobacteriaceae (CRE) are considered an urgent threat
(Enterobacteriaceae are a family of gram-negative bacteria which includes Salmonella and E. coli). Carbapenems
are one of the few remaining antimicrobial drug classes that can treat infections caused by extended-spectrum
beta-lactamase (ESBL)-producing bacteria. Antimicrobial-resistant Campylobacter and nontyphoidal Salmonella
are classified as serious threats, as are ESBL-producing Enterobacteriaceae and vancomycin-resistant
Enterococcus (VRE). While a full description of these pathogens is beyond the scope of this report, a brief
summary is provided below.

Campylobacter may cause disease in humans and animals. Most human infections are caused by Campylobacter

jejuni, with typical symptoms of diarrhea, fever, and abdominal cramps. Unless severe, most infections do not
require antimicrobial treatment. Occasionally, other symptoms and syndromes such as arthritis and temporary
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paralysis may occur. Campylobacter causes an estimated 1.5 million human infections in the U.S. each year.

Of these, 29% have decreased susceptibility to the fluoroguinolone or macrolide classes of antimicrobials,
which are used to treat severe Campylobacter infections (CDC, 2019). Campylobacter spreads to humans most
commonly through consumption of contaminated food or water, particularly raw or undercooked poultry or raw
(unpasteurized) milk, and through direct contact with infected animals. Most species of domestic animals are
susceptible to infection with Campylobacter, and young animals are more severely affected. Animals can be
infected through direct contact with other infected animals, ingestion of fecal-contaminated feed or water, or by
ingestion of undercooked meat or other contaminated foods. Signs in animals are also usually gastrointestinal:
diarrhea, fever, vomiting, and decreased appetite; however, in some species such as sheep and goats,
Campylobacter infection is associated with abortion (Spickler and Larson, 2013a).

Non-typhoidal Salmonella (S. enterica serotypes) cause about 1.4 million human infections and 420 deaths in the
U.S. each year, according to CDC estimates (CDC, 2021d). Most people who have illness due to Salmonella have
diarrhea, fever, and abdominal cramps, and most recover without antimicrobial treatment. Antimicrobials such
as fluoroquinolones, macrolides, or third generation cephalosporins may need to be used to treat severe illness.
According to CDC data, 16% of nontyphoidal Salmonella infections are resistant to at least one antimicrobial
considered essential for treatment (i.e., ciprofloxacin, azithromycin, ceftriaxone, ampicillin, and trimethoprim-
sulfamethoxazole) (CDC, 2019). Humans may become infected with Salmonella by ingestion of contaminated
food (e.g., meat, poultry, eggs, or produce) or drinking water, or by direct contact with infected animals or their
environment. In animals, Salmonella infections mainly cause enteritis (inflammation of the intestines) and
septicemia; however, many animal species carry Salmonella subclinically. Salmonella enterica subspecies
enterica contains hundreds of different serovars, or serotypes, some with a very narrow host range, and others
capable of infecting multiple species of animals. Signs in animals, when they occur, may include diarrhea,
abdominal pain, fever, loss of appetite, and sometimes death in the case of septicemia (Spickler and Larson,
2013b).

Escherichia coli (E. coli) are coliform bacteria that normally reside in the intestines of healthy animals and
humans, but some strains can cause infections in the intestines, urinary tract, and many other parts of the body.
In humans, intestinal infections may occur by ingestion of contaminated food or water, or sometimes through
direct contact with an infected animal. Intestinal infections typically cause diarrhea and abdominal pain. Certain
strains of E. coli (e.g., 0157:H7) produce toxins that can cause severe inflammation in the intestines and colon.
Severe E. coli 0157:H7 infections may lead to hemolytic uremic syndrome (HUS), a complication causing kidney
failure that develops in about 5 to 10% of cases (CDC, 2021e). Some E. coli infections, such as urinary tract
infections, are treated with antimicrobials, but intestinal infections with certain strains such as 0157:H7 are not,
since antimicrobial therapy may increase the risk of HUS (CDC, 2021e). Many strains are resistant to ampicillin
and tetracyclines, so other antimicrobials may be selected, such as carbapenems and fluoroguinolones (Bush
and Vazquez-Pertejo, 2020). ESBL-producing Enterobacteriaceae are considered a serious threat (CDC, 2019). In
animals, virulent strains of E. coli cause a variety of diseases, for example, diarrhea and sepsis may be especially
critical in newborn or young animals. Other types of infections include acute mastitis in dairy cows and chronic
respiratory disease in poultry. Most serotypes isolated from poultry are pathogenic only for birds; therefore,
avian sources of E. coli do not seem to be important sources of infections in other animals. Animals do not seem
to be clinically affected by E. coli 0157:H7, but can serve as a reservoir and source of exposure for humans
(Spickler, 2016).
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Enterococcus (e.g., Enterococcus faecium and Enterococcus faecalis) often occur as normal gastrointestinal flora
of humans and animals. Usually considered harmless commensals, they may occasionally cause opportunistic
infections in humans, such as urinary tract infections, sepsis, and endocarditis (Hammerum et al, 2010); most of
these infections are nosocomial (i.e., healthcare-associated) infections. Food products, such as meat, might be

a vehicle for Enterococcus infections in humans (Tyson et al, 2017). Foodborne enterococci may also transfer
resistance genes to other pathogens such as Campylobacter and E. coli. About 30% of health-care associated
enterococcal infections are resistant to vancomycin, which is an important glycopeptide class antimicrobial (CDC,
2019). Disease caused by Enterococcus in animals is uncommon.

1.3 Addressing the Threat of Antimicrobial Resistance — a One Health Approach

The science underlying the selection, transmission, and persistence of resistant bacteria is very complex.

More research is needed to improve our understanding of all aspects of resistance, including what strategies
centered on a One Health approach, will promote optimal health outcomes for humans and animals (and their
environments) and preserve the effectiveness of antimicrobials. Cooperative, multisectoral efforts are under way
in the U.S. to meet this challenge. In 2015, the U.S. government released a comprehensive plan that identified
critical actions to be taken by federal departments and agencies to combat antimicrobial resistance. This National
Action Plan for Combating Antibiotic-Resistant Bacteria (CARB) was developed by an interagency task force as a
guide to implement the National Strategy on Combating Antibiotic-Resistant Bacteria (CARB, 2015). In October of
2020, an updated National Action Plan for 2020-2025 was published, building upon progress made with the first
plan (CARB, 2020). This strategy outlines five interrelated goals, one of which is to strengthen national One Health
surveillance efforts to combat antimicrobial resistance. Federal, state, and local government agencies work
collaboratively towards this goal across human, animal, and environment sectors. Roles and responsibilities of
the various federal departments and agencies vary. The table in Appendix 1 describes some of these roles, but

it is not meant as an exhaustive representation of the breadth of U.S. government activities. This report focuses
on CVM's roles and responsibilities, and describes some of the collaborations with federal partners and multiple

stakeholders.

Antimicrobial stewardship describes measures that can be taken to help mitigate the risks associated with
antimicrobial use, including the risk of antimicrobial resistance. Antimicrobial stewardship programs have
been developed and implemented in human hospitals and outpatient settings, as well as in animal care and
production settings. These types of programs aim to integrate infection prevention and control measures with
approaches to encourage responsible use of antimicrobials. The CDC has defined antimicrobial stewardship

in human healthcare as “the effort to measure and improve how antibiotics are prescribed by clinicians and
used by patients” (CDC, 2021f). The American Veterinary Medical Association (AVMA) has defined antimicrobial

stewardship as “actions veterinarians take individually and as a profession to preserve the effectiveness and
availability of antimicrobial drugs through conscientious oversight and responsible medical decision-making
while safeguarding animal, public, and environmental health.” The AVMA has also outlined core principles of

antimicrobial stewardship in veterinary medicine (AVMA, 2018). Animal production industry and veterinary groups

have implemented similar guidelines.
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Many activities are ongoing across the One Health spectrum aimed at slowing the development of antimicrobial
resistance and optimizing antimicrobial use. Important progress has been made and more work remains to be
done. Ongoing surveillance and monitoring of both antimicrobial resistance and antimicrobial use across all
sectors will help inform efforts to preserve the effectiveness of potentially life-saving antimicrobials. This report
focuses on certain components of monitoring and surveillance of antimicrobial sales, use, and resistance as
they relate to the four major food-producing species. It also describes some of the efforts and progress related
to antimicrobial stewardship in animal agriculture. Cooperation and collaboration between U.S. government
agencies, animal drug manufacturers, animal industry organizations, veterinary organizations, veterinarians,
and producers are essential to continue building upon this progress. Chapter 2 describes some of the actions

currently being taken by CVM and other stakeholders to support antimicrobial stewardship in veterinary settings.

As part of its mission to protect human and animal health, CVM works to ensure the safety and effectiveness of
animal drugs, including antimicrobials. Information about CVM and its organization and roles can be found at
https://www.fda.gov/animal-veterinary.
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Efforts to Slow the Development of
Antimicrobial-Resistant Bacteria

2.1 Introduction
2.2 FDA's 5-Year Plan for Supporting Antimicrobial Stewardship in Veterinary Settings

Wa.

&




2.1 Introduction

The FDA is responsible for protecting the public health by ensuring the safety, efficacy, and security of human and
animal drugs, biological products, and medical devices; ensuring the safety of our nation’s food supply, cosmetics,
and products that emit radiation; as well as regulating the manufacturing, marketing, and distribution of tobacco
products. FDA also plays a significant role in the Nation’s counterterrorism capability, fulfilling this responsibility
by ensuring the security of the food supply and by fostering development of medical products to respond to
deliberate and naturally emerging public health threats. The FDA website provides a wealth of information
describing FDA's wide variety of regulatory and research activities.

CVM is the FDA Center responsible for ensuring the safety and effectiveness of animal drugs, including
antimicrobials, and has been engaged in numerous activities to address the threat of antimicrobial resistance
potentially arising from the use of medically important antimicrobials in food-producing animals. The term
‘medically important antimicrobial’ refers to antimicrobials that are considered important for therapeutic use in
humans (US FDA, 2012).

This chapter is intended to describe FDA's 5-year plan for supporting antimicrobial stewardship in veterinary
settings, with a summary of the activities planned through fiscal year 2023. Supplemental information describing
the FDA's pre- and post-approval processes for animal drugs (including antimicrobials), and an overview of some
of CVM's historical and recent activities aimed at reducing the threat of antimicrobial resistance that may arise as
a result of the use of medically important antimicrobials in food-producing animals are included in Appendiices 2
and 3 of this report.

While this report focuses primarily on actions that CVM has taken and intends to take, some references will
be made to collaborations and partnerships between CVM and other U.S. government agencies. The table in
Appendix 1 briefly summarizes some of the key U.S. government activities aimed at combatting antimicrobial
resistance. It is not intended to provide a comprehensive description of U.S. government activities related to
antimicrobial resistance, but rather to provide some examples. For more details, the reader should consult
agency websites.

2.2 FDA’s 5-Year Plan for Supporting Antimicrobial Stewardship in Veterinary
Settings (2019-2023)

In September of 2018, CVM published its 5-year action plan for supporting antimicrobial stewardship in
veterinary settings. The plan builds on the success of complete implementation of FDA Guidance for Inustry (GFI)
#213 (see Appendix 3) and supports the concept that medically important antimicrobials should only be used in
animals when necessary for therapy of specific diseases. ‘Supporting Antimicrobial Stewardship in Veterinary
Settings: Goals for Fiscal Years 2019-2023 is CVM's blueprint for activities during 2019 through 2023 to combat
antimicrobial resistance and preserve the effectiveness of antimicrobials. The plan outlines a phased approach:
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phase 1 covers fiscal years 2019 - 2021; phase 2 actions will be initiated between fiscal years 2022- 2023,
provided adequate resources are available. The phased approach allows for adjustments based on science-based
analyses, public health impacts, and feedback from stakeholders. CVM continues to engage stakeholders and the
public as it develops and implements the strategies outlined in the plan.

The document organizes key activities under three overarching goals:

Align antimicrobial drug product use with the principles of antimicrobial stewardship;
Foster stewardship of antimicrobials in veterinary settings; and
Enhance monitoring of antimicrobial resistance and antimicrobial drug use in animals.

Within each goal are objectives, along with actions planned for each objective. Below we briefly describe the
objectives for each goal and some of the already initiated or planned actions. Progress on elements of the 5-year
plan is provided in regular updates to FDA-TRACK, an agency-wide performance management system that
monitors FDA Center activities through key performance measures and projects.

GOAL 1: ALIGN ANTIMICROBIAL DRUG PRODUCT USE WITH THE PRINCIPLES
OF ANTIMICROBIAL STEWARDSHIP

+ Objective 1.1: Revise, as necessary, the use conditions for approved medically important
antimicrobials for food-producing animals

* Objective 1.2: Develop and implement a strategy for promoting antimicrobial stewardship in

companion animals

* Objective 1.3: Enhance processes to support new product development

Some of the activities included under Goal 1 include, for example, a strategy for bringing all remaining dosage
forms of medically important antimicrobials that are currently available over-the-counter (OTC) under veterinary
oversight (i.e., Rx). GFI #263, described below, outlines the strategy. In addition, CVM has begun to address those
medically important antimicrobials for food-producing animals that lack a defined duration of use, also described
below. With regard to Objective 1.3, CVM recently described a potential revised process for ranking antimicrobials
according to their relative importance in human medicine, and is also encouraging efforts to develop alternative
therapies (e.g., alternative animal drug products) for addressing animal health needs that could be used in

place of medically important antimicrobials. Objective 1.2 is specific to companion animals, and CVM has begun
to engage with stakeholders to develop and implement a strategy to promote the judicious use of medically
important antimicrobials in these species also.
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GFI #263 (‘OTC-to-Rx’)

In June of 2021, CVM finalized GFI #263, entitled ‘Recommendations for Sponsors of Medically Important

Antimicrobial Drugs Approved for Use in Animals to Voluntarily Bring Under Veterinary Oversight All Products

that Continue to be Available Over-the-Counter.” GFI #263 explains the recommended process for drug sponsors

to voluntarily bring the remaining approved animal drugs containing medically important antimicrobials under
the oversight of licensed veterinarians by changing the approved marketing status from OTC to Rx. This guidance
addresses the dosage forms that are not administered in feed or water, for example, injectables and oral dosage
forms which were not the subject of GFI #213. The products addressed by GFI #263 include medically important
antimicrobials for both food-producing and companion animals (i.e., dogs, cats, and horses). When GF| #263

has been fully implemented, all dosage forms of all approved medically important antimicrobials for all animal
species can only be administered by or under the supervision of a licensed veterinarian. Full implementation is
expected within two years of issuance of GFI #263, by approximately June of 2023.

Undefined Duration of Use

In GFI #213 and outreach related to the VFD final rule, CVM stated that, in addition to veterinary oversight, the
antimicrobial should be administered for an appropriately targeted period, i.e., have a defined duration of use.
Approximately 40% of approved medically important antimicrobial drug applications currently include at least
one indication of use that does not have an appropriately defined duration. These antimicrobial drugs are now
under veterinary oversight, but they may have undefined duration-related statements on their label such as “feed
continuously” (with no other information provided), or the label may be silent regarding the approved duration(s)
of use. As a continuation of FDA's antimicrobial stewardship efforts, CVM intends to develop and implement a
specific strategy to ensure that all medically important antimicrobial drugs used in food-producing animals are

labeled with an appropriately targeted duration of use.

CVM believes that updating the dosage regimens of affected animal drug products with defined durations of use
should be based on science and available evidence. Recognizing that there are significant scientific and technical
challenges to accomplish this, including the potential need to generate appropriate supporting information or
data, CVM anticipates this initiative will require a substantial period of time to fully complete. At the time of this
writing, the following activities have been completed:

Publication of a Federal Register notice requesting comments on the establishment of appropriate
durations of use for medically important antimicrobials. In that notice, FDA invited public comment on the
establishment of appropriately targeted durations of use of medically important antimicrobials administered
to food-producing animals in or on feed or in drinking water for those indications which a defined duration of
use is not included on currently approved labeling. The comment period for that notice ended on March 13,
2017 and FDA received over 240 comments.

Publication of a list of affected products that lack a defined duration of use (see https://www.fda.gov/
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animal-veterinary/judicious-use-antimicrobials/list-approved-medically-important-antimicrobial-drugs-

administered-feed-food-producing-animals-lack). All affected products are approved for use in or on

medicated feed.

Publication of two Funding Opportunity Announcements and Request for Applications (RFAs) for studies
that can help target and define durations of use for affected medically important antimicrobials. For the
first RFA, two grants were awarded in September of 2019 to investigators for projects related to the use of
tylosin to reduce incidence of liver abscesses in feedlot cattle and the use of chlortetracycline for control
of anaplasmosis in cattle. For the second RFA, a grant was awarded in 2020 related to the use of tylosin to
reduce incidence of liver abscesses in beef cattle.

Publication of a concept paper, “Potential Approach for Defining Durations of Use for Medically Important

Antimicrobial Drugs Intended for Use In or On Feed.” The purpose of this document is to provide CVM's

initial thoughts and gather stakeholder feedback on establishing appropriately defined durations of use

for medically important antimicrobials. Public comments were accepted through June 11, 2021. Feedback
received will help inform CVM’s final strategy and CVM will continue to engage with stakeholders and drug
sponsors as a final strategy is developed.

Enhancing Processes to Support New Product Development

As part of the activities for Goal 1, CVM will continue to ensure that antimicrobial risks are addressed for new
antimicrobial products approved for use in animals, and encourage the development of alternative therapies to
address animal health needs.

CVM uses the concepts set out in GFI #152 (see Appendix 3) to assess antimicrobial risks associated with
antimicrobial new animal drugs intended for use in food-producing animals. FDA recognizes that the list of
drugs in Appendix A of GFI #152 is not static and should be periodically reassessed and revised as necessary.
CVM, together with colleagues from the FDA Center that regulates human drugs (Center for Drug Evaluation
and Research, or CDER) published a concept paper in 2020 describing a potential revised process for ranking
antimicrobials according to their relative importance in human medicine, potential revised criteria to determine
the medical importance rankings, and the list of antimicrobial drug medical importance rankings that would
result if those criteria were to be used. The intent of the concept paper was to obtain public comment and input
on the potential revised ranking process prior to issuing a draft guidance. A public meeting was held to discuss
the potential approach in November of 2020, and written comments were accepted through April 22, 2021. FDA is
considering all comments received as it prepares draft guidance for additional comment.

While medically important antimicrobials are valuable tools that veterinarians and animal producers require

for addressing animal health needs, reducing reliance on such drugs by identifying alternatives for managing
animal disease can help slow the development of resistance. Such alternatives can include changes in animal
husbandry, biosecurity practices, vaccination programs, and other factors. As many of these factors are outside
of CVM's regulatory authority, CVM is primarily focused on alternative drug products that could be used in place
of medically important antimicrobials. CVM is seeking opportunities to collaborate on developing strategies to
facilitate such product development and is focused on innovative approaches to consider new and novel methods
for assessing alternatives to antimicrobials.

- ANTIMICROBIAL USE AND RESISTANCE IN ANIMAL AGRICULTURE IN THE UNITED STATES | SUMMARY REPORT



https://www.fda.gov/animal-veterinary/judicious-use-antimicrobials/list-approved-medically-important-antimicrobial-drugs-administered-feed-food-producing-animals-lack
https://www.fda.gov/animal-veterinary/judicious-use-antimicrobials/list-approved-medically-important-antimicrobial-drugs-administered-feed-food-producing-animals-lack
 https://public4.pagefreezer.com/browse/FDA/08-02-2022T03:01/https://www.fda.gov/animal-veterinary/cvm-updates/fda-announces-funding-opportunity-help-define-durations-use-certain-medically-important
https://www.fda.gov/animal-veterinary/cvm-updates/fda-announces-2020-funding-opportunity-help-define-durations-use-certain-medically-important
https://www.fda.gov/media/144927/download
https://www.fda.gov/media/144927/download
https://www.fda.gov/media/142846/download

GOAL 2: FOSTER ANTIMICROBIAL STEWARDSHIP IN VETERINARY SETTINGS

*  Objective 2.1: Support outreach and education by providing information on antimicrobial
stewardship

+  Objective 2.2: Strengthen CVM compliance program activities to support antimicrobial stewardship

+  Objective 2.3: Support international outreach and collaboration to foster antimicrobial stewardship
in veterinary settings

CVM is working with key stakeholders, including collaboratively with state and federal partners, to identify the
most effective ways to develop, update, and disseminate information about antimicrobial stewardship. This may
include information directed to veterinarians, veterinary students, academic institutions, animal producers, and
consumers. CVM is also focusing compliance activities to ensure that medically important antimicrobials are
being appropriately marketed and that their use is under veterinary oversight. For example, CVM published a
summary assessment of VFD inspections conducted in fiscal years 2016-2018 (see below), and a VFD component
for inspections associated with CVM's Drug Residue Inspection Program has been incorporated. CVM also
collaborates with state organizations, such as the Minnesota One Health Antibiotic Stewardship Collaborative,

among others, on stewardship initiatives. In addition to collaborations with state and federal partners, CVM
supports international outreach and collaborations to foster antimicrobial stewardship. Given that antimicrobial
resistance poses a worldwide public health challenge, it is essential that CVM engage international partners as
policies related to antimicrobial stewardship are developed and implemented in the international arena. Some of
CVM's activities related to international collaborations are described below.

Outreach and Education

It is critical that all affected stakeholders (e.g., veterinarians, animal producers, etc.) are informed and have
access to the needed information to effectively implement antimicrobial stewardship practices in veterinary
settings. CVM is committed to working with affected stakeholders to identify mechanisms for enhancing the
availability and accessibility of relevant information. This includes, for example, enhancing access to label
information for antimicrobial drug products as well as access to information from relevant guidance documents
and regulations. Currently, Blue Bird labels (representative labeling for Type B and C medicated feed containing
a new animal drug) are located on CVM’s AnimalDrugs@FDA website and can be searched by various terms (e.g.,

species, active ingredient, etc.). A prototype application for handheld devices was recently developed and CVM is
exploring possibilities for a publicly available version.

As part of Objective 2.1, CVM will work with other governmental departments and agencies such as USDA and
CDC, veterinary organizations, and commodity groups to identify ways to develop and disseminate information
on antimicrobial stewardship. In addition, CVM plans to work with academic institutions and federal partners to
develop veterinary curricula or other educational materials that address antimicrobial stewardship in animals.
CVM fosters antimicrobial stewardship in veterinary settings by staying engaged with veterinary practice
associations and organizations that are leading the veterinary profession in advancing antimicrobial stewardship
in practice, such as the AVMA and other industry and commodity group associations.
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CVM Compliance Program Activities

CVM employed a phased-in enforcement strategy for the VFD final rule and GFI #213 implementation efforts
(see Appendix 3). Inspection activities related to the VFD process are carried out by FDA's Office of Regulatory
Affairs (ORA) and under contract by participating state feed regulatory programs. Initial focus for VFD inspections
(2016-2017) was on education and outreach for affected stakeholders. Since then, CVM has transitioned toward
an inspectional approach focused on compliance with VFD requirements and documenting violations. During
inspections, field personnel examine VFD orders, requirements for the parties involved, and recordkeeping.

A summary of VFD compliance activities conducted in fiscal years 2016-2018 was published by CVM in August of
2019. The summary assessment indicated that, in general, parties affected by the VFD final rule (i.e., producers,
veterinarians, feed mills and distributors) were in compliance with it. Of the 456 total inspections included

for 2016, 2017, and 2018, 91% were classified by inspectors as ‘No Action Indicated’, indicating no significant
deficiencies. While the number of inspections conducted was limited, their findings have allowed CVM to respond
to important stakeholder questions about implementation of the VFD final rule, gain a better understanding

of industry practices related to the VFD final rule, and shape a broader inspection strategy to ensure ongoing
compliance with the VFD regulation. The summary assessment report should be consulted for detailed

information.

In addition to the VFD compliance strategy, CVM is developing strategies to identify and address inappropriate
marketing of antimicrobials, for example, illegal marketing of unapproved animal drugs containing medically
important antimicrobials.

Examples of CVM’s Work on International Committees

Food safety experts at CVM collaborate with international regulatory bodies in the development of science-
based regulations aimed at strengthening food safety systems and capacity at the global level. FDA subject
matter experts contribute to the development and harmonization of global technical requirements for human
and veterinary product registration, as well as data standards for detection of antimicrobial resistance such

as whole genome sequencing technologies to advance their use in antimicrobial resistance surveillance. FDA's
antimicrobial resistance mitigation and risk assessment guidelines (e.g., GFI #152) are often consulted for One
Health projects developed by international organizations to improve global health. In addition, FDA experts
currently contribute to several advisory committees within the World Health Organization, Food and Agricultural
Organization, World Organisation for Animal Health (OIE), Codex ad hoc Intergovernmental Task Force on
Antimicrobial Resistance, and Transatlantic Taskforce on Antimicrobial Resistance. CVM experts also collaborate
globally with other countries’ regulatory bodies to share knowledge and understanding of good regulatory
practices and to promote close cooperation amongst a regional network of regulatory agencies, all while keeping
with the broader aim of promoting animal health and its role in the One Health approach.
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GOAL 3: ENHANCE MONITORING OF ANTIMICROBIAL RESISTANCE AND
ANTIMICROBIAL DRUG USE IN ANIMALS

* Objective 3.1: Collect and analyze data on antimicrobial drug use in animals
* Objective 3.2: Enhance the collection and analysis of antimicrobial resistance data

»  Objective 3.3: Increase data sharing and reporting to aid in the monitoring of antimicrobial drug
use practices and resistance

In order to understand the drivers of resistance in veterinary settings and assess the impact of interventions
designed to limit the development of resistance, it is essential to have scientifically-sound data on antimicrobial
use and resistance, as well as animal health and management practices. To support this goal, CVM continues
to explore new strategies to collect and analyze antimicrobial drug use data in food-producing animals and is
enhancing the collection of antimicrobial resistance data. Through these actions, CVM seeks to reach a more
comprehensive and science-based understanding of antimicrobial use and resistance in animal health and
production settings.

Antimicrobial Use Data Collection

Antimicrobial use information is essential for assisting our understanding of the dynamics of animal health,
production and management, specific use practices, their relationship with development of antimicrobial
resistance, and how actions such as implementation of GFI #213 impact the development of resistance. CVM
works closely with the U.S. Department of Agriculture Animal and Plant Health Inspection Service (USDA-APHIS)
in support of ongoing data collection efforts to gather information on antimicrobial use and stewardship practices
on farms through programs such as the USDA-APHIS National Animal Health Monitoring System (NAHMS). Since
the NAHMS program conducts national surveys for specific commodities only on a periodic basis, detailed and
ongoing information about antimicrobial use practices on farms is lacking. Based on knowledge of animal health
and antimicrobial use information, specific on-farm management practices could be recommended or modified

to help mitigate risks related to antimicrobial resistance. While CVM does collect and report annual sales data
for antimicrobials approved for use in food-producing animals, the limitations of such data are recognized

(see Chapter 3). To help address this, CVM funded two cooperative agreements in 2016 to support on-farm
antimicrobial use and animal health data collection: one for poultry and swine and one for dairy cattle and feedlot
cattle. These studies are expected to help identify prospects for sustainable methods to collect antimicrobial use
data in food animal production settings. Initial results of the two cooperative agreements are presented in later
chapters of this report. CVM also intends to publish a summary report of the information gathered through these
agreements after they are completed.

ANTIMICROBIAL USE AND RESISTANCE IN ANIMAL AGRICULTURE IN THE UNITED STATES | SUMMARY REPORT




Enhanced Antimicrobial Resistance Data Collection and Analysis

Enhanced collection and analysis of antimicrobial resistance data includes expanded sampling (including
expansion of the types of food commodities and bacterial species) by NARMS, development of advanced
approaches for resistance surveillance, targeted studies to assess the potential role of animal environments and
feeds in the ecology of antimicrobial resistance, characterization of resistance in animal pathogens (including
companion animals), and studies to document the role specific resistance genes may play in compromising
clinical therapy. The NARMS program was reviewed by an FDA Science Board in 2017, which made several
recommendations related to the expansion of current NARMS activities (FDA, 2017). Recommendations included
expanding sampling and testing, as well as additional data collection capabilities intended to strengthen the
scientific basis for regulatory decision-making. In 2018, NARMS began work on implementing some of the

2017 FDA Science Board recommendations, including launch of its first pilot to conduct surveillance on veal in
nine retail meat sites (Tate et al, 2021). NARMS and CVM's Veterinary Laboratory Investigation and Response
Network (Vet-LIRN) are also collaborating with USDA-APHIS National Animal Health Laboratory Network (NAHLN)
laboratories to provide insight into the current state of antimicrobial resistance in bacterial pathogens from ill
animals.

Continued use and expansion of advanced genomic technologies and bioinformatics tools for research and
surveillance are also essential to improve understanding of antimicrobial resistance. In 2017, FDA launched
Resistome Tracker, a tool that provides visually informative displays of antimicrobial resistance genes in

bacteria. Currently, users can explore antimicrobial resistance genes present in the genomes of at least 295,000
Salmonella isolates submitted to the National Center for Biotechnology Information (NCBI), but future versions
of the tool are intended to include data on other bacteria, such as E. coli and Campylobacter. Resistome Tracker
allows researchers to be alerted when new resistance genes emerge in a specified geographic region or sample
source. The development of Resistome Tracker represented a major step forward in resistance monitoring that
can assist in evaluation of the impact of antimicrobial use on the evolution and spread of resistance. NARMS
continues to provide whole genome sequencing data to Resistome Tracker, and is also working towards
accelerated data sharing, including genomic information.

In 2020, NARMS published its strategic plan for 2021-2025, more fully incorporating a One Health approach to
surveillance, including piloting expansions for surveillance of antimicrobial resistance in animal pathogens and
environmental water samples.

Increased Data Sharing and Reporting

CVM continues to advance the exchange of information among stakeholders to aid in monitoring of antimicrobial
use practices and antimicrobial resistance. This includes engaging key stakeholders on data sharing and
reporting strategies and ensuring that confidential information is appropriately protected. NARMS data are
available to the public on-line. NARMS Now was launched in 2015 and provides downloadable data, as well as
interactive graphs, tables, and maps. Data sharing and reporting objectives will be accomplished through the
continued sharing of genomic information and data using improved interactive software tools and bioinformatics
in the NARMS reports, as well as providing whole genome sequencing data to Resistome Tracker as already
mentioned. In addition, CVM plans to publish information about the antimicrobial use cooperative agreements
that characterize antimicrobial use in cattle, swine, and poultry.

ANTIMICROBIAL USE AND RESISTANCE IN ANIMAL AGRICULTURE IN THE UNITED STATES | SUMMARY REPORT



https://www.fda.gov/animal-veterinary/national-antimicrobial-resistance-monitoring-system/global-salmonella-resistome-data
https://www.fda.gov/media/79976/download
https://www.fda.gov/animal-veterinary/national-antimicrobial-resistance-monitoring-system/narms-now-integrated-data
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3.1 Introduction

Data on the use of antimicrobials are particularly helpful when correlated with relevant data on antimicrobial
resistance. A better understanding of antimicrobial use patterns is needed to support ongoing efforts to
encourage the judicious use of antimicrobials in food-producing animals and to help ensure the continued
availability of safe and effective antimicrobials for animals and humans. These data can also help measure the
effectiveness of antimicrobial stewardship programs, and adherence to relevant policy or regulatory changes.
Ongoing surveillance of antimicrobial resistance is essential for tracking changes in resistance in important
bacterial commensal organisms and pathogens that can be acquired through the food chain by humans from
animals and animal products. In addition, monitoring of antimicrobial resistance in animal pathogens is important
for maintaining the health and welfare of animals.

In this chapter, we provide background information for some of the U.S. government programs and projects
related to monitoring and surveillance of antimicrobial use and resistance in animal agriculture which are
referenced later in species-specific chapters of this report. According to the World Organisation for Animal Health
(OIE) Terrestrial Animal Health Code (OIE, 2019), ‘monitoring is the intermittent performance and analysis of
routine measurements and observations, aimed at detecting changes in the environment or health status of a
population; while ‘surveillance’ is the systematic and ongoing collection, collation, and analysis of information
related to animal health and the timely dissemination of information for those who need to know so that action
can be taken. Surveillance also provides information about the epidemiology of particular health threats, such as
antimicrobial resistant infections, and their burden in a population.

This report is not intended to be an exhaustive review of all U.S. government programs and projects involved
with surveillance and monitoring of antimicrobial use and/or resistance. For this report we focus on the following
sources of data, primarily for the 2016-2019 time period:

Antimicrobial sales and distribution data collected and reported by FDA on an annual basis, including
species-specific estimates for the four major food-producing species (cattle, swine, chickens, turkeys) - see
Section 3.2;

Animal biomass-adjusted antimicrobial sales and distribution data for the four major food-producing species
- see Section 3.3,

Antimicrobial use information from U.S. feedlots and swine operations from surveys completed in 2017 by
USDA-APHIS NAHMS - see Section 3.4;

Antimicrobial use information from two FDA cooperative agreements designed to pilot methodologies for on-
farm data collection for cattle, swine, chickens, and turkeys - see Section 3.4,

Antimicrobial resistance data collected by the National Antimicrobial Resistance Monitoring System (NARMS)
- see Section 3.5;

Antimicrobial resistance information collected for the first two years (2018-2019) of the USDA APHIS National
Animal Health Laboratory Network (NAHLN) Antimicrobial Resistance Pilot Project - see Section 3.5;
Antimicrobial resistance information collected for the first year (2017) of an antimicrobial resistance pilot
project in progress at the FDA's Veterinary Laboratory Investigation and Response Network (Vet-LIRN) - see
Section 3.5.

